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[57] ABSTRACT

A hydrostatic parallel circuit drive system on a vehicle
which drives a pair of hydraulic wheel motors which
are supplied by a single pump source through a divider
valve which senses the flow rate to each of the motors,
and when the flow rates to the two motors vary suffi-
ciently, the divider valve restricts the excess flow so
that one wheel cannot spin and consume the entire flow
to the system.

S Claims, 5 Drawing Figures
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FLOW COMPENSATED DIVIDER VALVE

BACKGROUND OF THE INVENTION

With the advance of recent:hydraulic- technology,
numerous forms of hydrostatic drive systems have been
developed for all types of vehicles in either two or four
wheel drive systems. Parallel type circuits have some
inherent advantages wherein a single pump source
supplies two or more wheel motors through a parallel
rather than a series flow path. Differential motor drive

speed, inherent in all turning vehicles, is of no problem

. since the individual wheel motors are independently
driven through a parallel flow path. The basic disadvan-
tage of a parallel flow system is that if one wheel motor
loses traction and begins to spin, it will absorb all of the
flow in the system, robbing any torque from the remain-
ing wheels. One system to solve this spin-out problem
has been a valve and corresponding circuitry which
shifts the flow from a paraliel path to a series path lock-
ing all wheels together while the machine is in a spin-
out condition. This system has 1its disadvantages in that
it 1s manual in operation and more importantly, that it
has a maximum efficiency of 50% tractive effort as
compared with a parallel system. Another prior art
method is the use of individual flow restrictors or flow
limiters in the lines to each of the motors causing an

excess back prressure if one of the wheels spins-out.

However, such a system is equally inefficient since one
wheel can accept one-half of the total system flow be-
fore the restrictor means begins to function. Other simi-
lar prior art methods are shown in U.S. Pat. No.
3,641,765 and U.S. Pat. No. 3,405,776.

The present invention utilizes a single flow respon-
sive divider valve which divides the flow from a single
source to a pair of motors regardless of the flow rate
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FIG. 2 is a partially schematic diagram with the di-
vider valve shown in longitudinal section with tapered
fixed restrictions;

FIG. 3 is a schematic diagram of a two-wheel revers-
ible system incorporating a pair of divider valves for
movement in opposite directions;

FIG. 4 is a schematic diagram of a four-wheel drive
system incorporating three of the divider valves to
proportion flow to the four respective motors; and

FIG. § is a partial section of the shuttle spool with a

- modified fixed restriction.
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and allows a prearranged flow differential between the

motors for cornering without decreasing the system
efficiency. The divider valve of the present invention

includes a shuttle spool having a pair of fixed orifices in

the divided flow path to the respective motors so that
the flow rates to those motors can be sensed due to
pressure drops thereacross. Whenever the flow rate to

one motor sufficiently exceeds the flow rate to the re-

matning motor, the overall pressure differential on the

shuttle spool causes the spool to shift and the variable

orifice accepting the excess flow begins to restrict flow
to maintain the two flows proportional. The fixed ori-
fices are tapered in one direction so that the reverse
flow through the valve is essentially free flowing.

Therefore, the principal object of the present inven-
tion is to provide an improved hydrostatic parallel drive
system for vehicles which permits differential operation
without a substantial efficiency loss.

Another object of the present invention is to provide
a hydrostatic spin-out valve which is unaffected by the
flow levels of the system.

A further object of the present invention is to provide g

a flow divider valve which is free flowing in the oppo-
site direction. | |

The invention will be more readily understood when
the following description of certain embodiments is
read in connection with the accompanying drawings in
which:

FIG. 1 is a schematic drawing of a two-wheel drive
system incorporating the present invention;
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FIG. 1 shows a general arrangement of the novel
drive system with the divider valve generally identified
by reference numeral 10. The system is supplied by a
variable displacement pump 14 which drives two wheel
motors 16 and 18, which in turn drive two vehicle
wheels 17 and 19, respectively. The pump discharge
flow in line 23 enters the divider valve 10, is proportion-
ally split and flows out lines 26 and 24 to motor 16 and
18 respectively. Divider valve 10, shown in detail in

FIG. 2, comprises a valve body 11 having a central bore
12 passing therethrough. Intersecting bore 12 are a pair
of outlet cavities 38 and 36 which connect to motors 16
and 18 via lines 26 and 24 respectively. Also intersecting
bore 12 intermediate the two outlet cavities is inlet
cavity 50 which in turn is connected to the pump dis-
charge via line 23. Positioned in bore 11 is a shuttle
spool generally identified by reference numeral 14.
Spool 14 has a longitudinal passage 16 throughout its
length, with the opposite ends of passage 16 being
closed by fixed orifices 34 and 32. Centrally positioned
in spool 14 are a plurality of lateral passages 18 circum-
ferentially spaced to allow substantially unrestricted
flow from inlet cavity 50 to lateral passage 16. Fixed
orifices 32 and 34 have an outward taper 33 and 3§
respectively so that reverse flow from outlet cavities 36
and 38 inwardly to longitudinal passage 16 creates a
reduced pressure drop as compared with flow from
longitudinal passage 16 to outlet cavities 36 and 38. This
reduced pressure drop in the working valve is necessary .

“1in the FIG. 3 configuration or the divider valves 10 and

10z will fight each other. Positioned on both ends of
spool 14 are a pair of compression springs 44 and 45
respectively, both having similar spring forces so that in
the absence of a certain pressure differential across
spool 14, the springs 44 and 45 maintain the spool in a
center unrestricting position, as seen in FIG. 2. The
sizing of orifices 32 and 34 and the particular spring
rates is determined by the necessary differential flow
required in turning for that particular vehicle the sys-
tem is to be used on. Shuttle spool 14 and its adjoining
compression springs 44 and 45 are held in place by a
pair of closure plugs 47 and 48 which are threaded in
opposite ends of bore 12. Shuttle spool 14 is actuated by
differential pressure acting on the opposite ends of the
spool 42 and 43 which exceeds the forces of springs 44
and 45. As the end 42 of spool 14 approaches the land
portion 51 of bore 12, the flow path into outlet cavity 38
is restricted, thereby functioning as a variable orifice
downstream from fixed orifice 34. The opposite end 43
of shuttle spool 14 also functions in a similar manner
with land 53 as the spool moves to the right closing the
flow path into cavity 36.

OPERATION

Under normal flow conditions, the pump discharge
enters the inlet cavity 50 of the valve via line 23 and
passes through lateral passages 18 into the longitudinal
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passage 16 of the shuttle spool and flows equally in both
directions. The divided flow passes out the ends of the
spool 14 and flows to the wheel motors 16 and 18. As
long as the flow requirements of each wheel 17 and 19
remain the same, the shuttle spool 14 will maintain its
center position, as seen in FIG. 2, without restricting
flow to either motor. In a turning condition of the vehi-
cle; one wheel, 17 for example, will turn at a greater
speed than wheel 19, thereby taking an increased flow
from outlet cavity 38 from that flowing from outlet
cavity 36. The increased flow across fixed restriction 34
creates a greater pressure drop across that restriction
than is experienced across restriction 32 at the opposite

10

end of spool 14. The pressure downstream from fixed

restriction 34 is felt by the end 42 of shuttle spool 14
while the pressure downstream from restriction 32 1s
felt by the opposite end 43 of the spool. As the flow
rates across restrictions 34 and 32 begin to vary, a force
imbalance is created on the spool 14, urging the spool to
move in one direction or the other against the force of
springs 44 and 45. By sizing fixed orifices 32 and 34 and
springs 44 and 45, the divider valve can be designed so
that those necessary differential flows to opposite mo-
tors required for turning or other minimal variances
between the two wheels will be absorbed without re-
stricting any flow across shuttle spool 14. However,
when the flow differential to one wheel becomes exces-
sive, as in the case where one wheel has lost its traction,
the flow differential will cause the spool 14 to shift in
one direction or the other against springs 44 and 45 and
restrict the excessive flow so as to maintain sufficient
pressure and torque on the opposite wheel. As for exam-
ple, if wheel 17 lost traction and motor 16 began to
overspeed, the flow across fixed restriction 34 would far
‘exceed the flow across restriction 32. The increased
pressure drop across restriction 34 would cause the
forces downstream acting on end 43 to exceed the
forces on the opposite end 42, causing a net force on the
spool to the left, sufficient to move shuttle spool 14
against compression spring 44. As the end 42 of the
shuttle spool approaches land 51, a variable restriction
is created thereby reducing the flow to runaway motor
16. This variable restriction caused by the end 42 of
spool 14 will seek a position restricting the flow to
motor 16 to a point where the flows to motor 18 and 16
are substantially the same discounting the above men-
tioned differential flow. |

- When variable displacement pump 14 reverses the
flow so that the pump discharges in line 56 and takes the
motor return flow in line 23, the divider valve 10 is now
located downstream from wheel motors 16 and 18 and
does not function. The pump discharge flow in line 56 is
split, flowing in a parallel path to motors 16 and 18 with
the motor return flow flowing into divider valve outlet
cavities 38 and 36, respectively. In most applications
reverse flow is minimal and the divider valve is not
necessary.

- FIG. 3 is a variation of the system shown in FIGS. 1
and 2 with the addition of a similar divider valve 104 in
the reverse circuit. When pump 14 is operating in the
reverse direction, line 56 is the pump discharge while
line 23 is the pump return line. In the reverse configura-
tion, the pump discharge flow in line 56 enters divider
valve 10g and proportions the flow to motors 16 and 18
through lines 28 and 30 respectively. Divider valve 10a
thereby becomes functional in a reverse flow condition

when one of the wheels of motors 16 and 18 loses its

contact with the ground or when the tractive co-effi-
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cient is very low in such conditions as mud, ice, etc.
When pump 14 is operating in its forward condition,
line 23 carries the pump discharge to divider valve 10
with proportioned flow going to motors 16 and 18
through lines 26 and 24 respectively. In a forward con-
dition, as just described, divider valve 10a positioned in
the return flow path of motors 16 and 18 will not re-
strict flow in lines 28 and 30 because fixed restrictions
34a and 32a are tapered, as shown in detail in FIG. 2.
While there is a pressure drop across tapered restriction
34 in the reverse direction, the pressure drop in the-
forward direction is greater (flow from passage 16 to
cavity 38). Therefore, by reason of the greater pressure
drop in the forward direction, divider valve 10 will
control flow in the forward direction without any hin-
drance in the return flow from divider valve 10a. Like-
wise, divider valve 10a will control flow in the reverse
direction without any hindrance from divider valve 10.
In circuits where only a single divider valve 10 is used,
such as FIG. 1, a tapered fixed orifice is not necessary
and a conventional orifice plate 32g, such as seen in
FIG. §, is permissible. The pressure drop across orifice
plate 324 would be identical for flow in either direction.

FIG. 4 illustrates the divider valve utilized in a four-
wheel drive system supplied by a single pump 60. In this
system, three divider valves 105, 10¢ and 104 are re-
quired. The pump discharge flow in line 23 first enters
divider valve 1056 and is divided with flow going to the
front wheel motors 61 and 62 via line 65 with the re-
maining flow directed to the rear wheel motors 63 and

- 64 via line 66. The pump discharge flow in line 65 1s
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again divided by the divider valve 10c¢ proportioning
the flow to individual motors 61 and 62 via lines 67 and
68 respectively. The flow in line 66 to the rear wheel
motors is also divided by divider valve 10d with pro-
portioned flow to wheel motors 63 and 64 via lines 69
and 70 respectively. If, for example, front wheel motors
61 and 62 would both lose their tractive effort, divider
valve 100 would sense the excessive flow across fixed
restriction 32g, thereby causing variable restriction 83a
to pinch-off the flow in line 65 to the runaway front
wheels and maintain the flow in line 65 proportional to
the flow in line 66 to the rear wheels. Since the torque
requirements of the rear wheels have doubled, the pres-
sure level required to turn the rear wheels will substan-
tially double, all of which is controlled by variable
orifice 53¢ and divider valve 10b. The flow to the rear
wheels through line 66 is again divided by divider valve
104 proportioning the flow to each of the wheel motors
63 and 64, respectively. If the vehicle were to lose fur-
ther traction and lose rear wheel motor 63 along with
both front wheels, the system would operate in a similar
manner as just described, and in addition variable re-
striction 534 in divider valve 10d would cut off excess
flow to wheel motor 63, thereby maintaining adequate
flow to wheel motor 64 at an increased pressure level.

Having described the invention with sufficient clarity
to enable those familiar with the art to construct and use
it, what is claimed is:

1. A flow compensated divider valve permitting non-
restrictive reverse flow therethrough used in reversible
hydrostatic drive systems for supplying a pair of wheel
motors in parallel from a single pump source compris-
ing:

a valve body;

a bore in the body;
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first and second outlet cavities intersecting the bore
longitudinally thereof and connecting with the first
and second motors respectively;

an inlet cavity intersecting the bore intermediate the

first and second outlet cavities and connecting with

the pump discharge;

a shuttle spool positioned in the valve bore having a .

longitudinal passage therein;

biasing means on opposite ends of the spool urging
the spool toward a neutral non-restrictive position,;

a centrally disposed lateral passage through said
spool intersecting the longitudinal passage con-
necting the inlet cavity to the longitudinal spool
passage;

a pair of tapered fixed orifice means shaped to pro-
vide a greater pressure drop thereacross for flow in
one direction than in the other, positioned in the
longitudinal spool passage, each orifice means
being on opposite sides from the lateral passage
providing a greater pressure drop for fluid flow
from the lateral passage across said orifice means;

10
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a pair of variable orifices each being downstream of a

fixed orifice means, each variable orifice being
alternately rstrictive by movement of the shuttle
spool against the force of the biasing means; and
servo means acting on opposite ends of the shuttle
spoo!l against the forces of the biasing means, sens-
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6

ing the pressure drop across each of the fixed ori-
fice means and moving the shuttle spool to restrict
flow across one of the variable orifices when the
combined pressure differential downstream of the
two fixed orifice means exceeds a prearranged
level.

2. A flow compensated divider valve as set forth in
claim 1, wherein the fixed orifice means are tapered in
one direction to have less resistance for reverse flow
from the motors to the valve than forward flow from
the valve to the motors.

3. A flow compensated divider valve as set forth in
claim 1, wherein the fixed orifice means have an enlarg-
ing cross section from the lateral passage side of the
orifice to the variable orifice side. |

4. A flow compensated divider valve as set forth in
claim 1, wherein the fixed orifice means having an en-
larging cross section from the lateral passage side of the
orifice to the variable orifice side with a taper of ap-
proximately 10°, |

5. A flow compensated divider valve as set forth in
claim 1, wherein the fixed orifice means have a tapered
cross section enlarging from the lateral passage side of
the orifice to the variable orifice side with the taper
being between 10° and 30°.
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